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: SUBJECT: Research Frogrese ang Forecast Report for Contratct
. F49620-B4—-C—-007%9, "Adaptive Grid BGeneration Using Eiliptic
- Generating Equatiors with FPrecice Coordinate Controls"”

Dear Captain Themas and Dr. Wilson:
This letter constitutes the required report on the sub-

ject cantract. Generslly, progress contirnues to be excellent.
The topical headings beliow follow those in our proposal.

g s, 00,

1. Use of Svmbolic Manipulation.

The use of camputer Symbolic Manipulation to pzrtorm the
theoretical maenipulations for the several variationsl formuie-
tiorz and to prcduce the Fortran subroutines +for numerical worl
continues to be productive. we are in the final stages o+
developing a "toolki1t" of Symbol Manipulation codes for varia-
tional grid generation, and we will be presentirg an i1nviten
paper on this work at an Artificial Intelligence session at the
AlAA Aerospace Sciences Meeting this January in Reno. (Thas
work is aleo partially sponsored by ARO.)

IMLAR S A R
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2. Variational Formulation and Reference Grid Definitiorn.

A summary paper on variational grid generation pran-
ciples, with several variational formulations, has been prepared
and submitted for publication.

0
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3. Variational Formu:ation 1in Logical Space rather than
Fhysical Space.
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This fundamental departure from the historically popular
approach, as described previousliy. We have now re-interpreted
the "smoothness" operator in logical space, and +ind that it
really is more meaningful to wview 1t as a constant segment
length condition. This interpretation clearly 1indicates why
folding occurs with this formulation and the more comman
smoaothness 1n physical space, and further suggests a cure +or
the folding whick 1i1nvolves the Jjudicious use of our "refererce
grid" approach. The key 1s that the segment iength specifiction
should vary with the region boundaries,in an easily prescribec
way. We are expecting this approach to significantly imprcva
the grids obtained with logical space ‘'"smoottimng" varirazionsl
principles; testing and validating of this concept and tne cther
varitional formulaticns will occur 1rn the ne:nt reporting pe-i1oc.

Our work on the une:pected foiding of the wWinslow (hcocmo-
geneous Thompson-Thames—Mastin! method (which supposediyv a-ways
gives a non—fclded grid generat:ion in 20 becsuse of the wma.amum

princigle of the homogeneous equations) WAaE TeCelves Wl th
considerable 1nterest at the AIAA Computational Fluvifd Dyaeamices
Mzeting i1n July. The analysis was based on the closes fors

soiurions for minimal qgrid resslutionz, 1.e. & 3Ix2 griz. be
haeve applied this approach more extensively now, toc amalyze nos
vn.y the folding cof the Winslow method, buvt alsc the icldin: cf
varisetiorally produced grid generation equatiors. The ana.ys: =
has suggested practicel values of relative weighting parameters
+or the various vari:ational eguations, and numeri1cal experimner-
—ation 1n fimer grids 1ndicates that the values s5 abtsined cre
ind2ec practical. A summary paper on these resulite has oeen
submitted +ar publicsation. Thise work has also showr that
variational volume contrcl alorne does i1in fact produce a unigue
=,stem of ecuations :n the minimal grid resclutior, contrar, to
the tnsorem cited by Brackkbiil and Saltzman. We are worwing on
& caorrect interpretation of these conflicting results.

r

4, solutiorn Frocedure Minimizing Storage Reguitrements
anc/ar Ar.thmetic Operatiocnse

[N}
-y

Ttis etr-atecy 1nvolves a solution formulation 17 w-

[ S

the matric equation 1€ expressed a&as & variables--separabhis
ei.1ptic operator, with & nonhomogeneaous term whizh i1nciudecs a.!l
the nonlinearit.es and non-separatie coefficients. k=
performarnce has beern encellent, provided that the grid gerners-
t:on fgarameters are such as toc generate a gooc graic. We tave
1incorporated this formulatior 1rto & single eguation molitigr:ic
(FAS) algor.thm, with improved convergence rates +or +tine mess
calculations.

This wor k led tu a consideration of sub-gr:c and
super-grid coefficient generation for '"black box" multigrac

codes which has been fruitful. A concept evolved for generaticn
of sub-arid coefficients given onrly the discretizatior cn the
fine arid, without reference to or knowledge of the underlying
continuum equations. The concept wes further extended 1 tilie
opposite direction, allowing primitive coefficient generatio- on
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something less than the finest grid of interest, followed by an
economical *prolongation" to the finer grids. The concept is
most applicable to systems wherein the cost per node point of
generating the coefficients is high, precisely the case with ths
variational +ormulations. It 1s expected to result 1n a savings
by a factor of S5 (limit 8) for 3D grid generation. The worlk wacs
presented at the Second Copper Mountain Multigrid Conference in
March, and i1nterest was high +from attendees including A. Brandt,
J. Dendv, and U. Trottenberg.

S. Collatorative Worl with Dr. Lisemar.

Collatoration with Dr. Eiseman continues to be gu:ite
helpful. We have enjoyed discussions with him prior teo a&anz
during the AIAA CFD Meeting in Cincinnata this July.
Discussions have covered a wide ranae of topice related to grid
gene-ationg particularly noteworthy are the topics of ths
uniqueness of the varitional volume contrcl. equations (sec #7
above), surface and curvature variatiocnal formulations, compu-
tirg and graphics neede and capabilities, behavicural ertro-=
such as graic Ffolding and Jjacobian positivity, evaluastion o4
competing grid gener-sation concepts, judging gr:d quslity, &na
his owrn approsch of i1terative re-distribution of secmert
iengths. We will be making a trig to visit him at Columbis this
sprinc, and will provide him with our codes and assi i
instelling trtem at his facility.

m o

6. Interest from Air Force Weapons Laboratory.

We have not heard any more from AFWL personnel tere irn
Albugquergue who had previously expressed interest in contracting
to create a FC version of some cf our grid generation methods.
We will be meetirg irn mid-Auoust to discuss {future funding +or
a.ur cortinued development of the ELF electrode design codes. anc
we will reguest funds to incorporate our new variational methozZ:n
&nz multigrid technigues {developec under the subject contract:
into the 20 and ID ELF codecs.

7. Fublicationz Fartially Supported Under the fFreczent
Contract.

7.1 "Symbolic Manipulation and Computational Fluic Dynamize ',
Stanly Steirberc and Fatrick J. Roache, Jour. Computatiors!

Fhysice. Vol. 57, Nc. 2, Jan. 1985, pp. 251-284.

7.2 "Appl.catiorn cof a Single-Ecusation MG-FAS Solver to Eliiptic
Grid Ger.eration Equations (Sub-grid ancd Super-grid Coeffic:ent
Generation)', Fatrick J. Roache and Stanly Steinberg, Froc.
Second Copper Mountain Conference on Multigrid Methods, 1-3
April 1985, Copper Mcuntain, Calorado. To appear.

7.3 "Variational Grid Generation', Stanly Steinberg and Fatrict
J. Roache, submitted for putlication to Numerical Methocz ‘or
Partial Differentia. Equations.

7.4 "A Tocl it of Symbolic Maripulation Frograms for “aria
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tional Grid Generation", Stanly Steinberg and Patrick J.
Roache, AIAA Aerospace Sciences Meeting, &6-92 Jan. 1984, FReno,
MHevada. To appear.

7.5 "A New Approach to 6rid Generation Using a Variationea!
Formulation", Fatrick J. Roache and Stanly Steinberg., RIAA
-85-1527-CF, Proc. AIAA 7th Computational Fluid Dynamics Contfer-—-
ence, 15-17 July 1985, Cincinnati, Ohio.

7.6. "On the Folding of Numer:ically Generated 6rids®, Jozo
Castilla, Stanly Steinberg and Fatrick J. Roache, submitted tso
Applied Mathematics and Computation.

7.7 "Electric Field Calculations Using the ELF Codes", M. -.on
Dadelszen, W.M. Moeny and Fatrick J. KRoache, Froc. 1EEE Fulsec
Fower Conference, Crystal City, DC, 10-12 June 1983. To appea-.

7.8 "The ELF Codes: Electrode Design for tasers and Switches™,
Fatrici:. J. Roache, Invited Faper, Froc. LTAC-85 Conference,
Melbourne, Australia, 25-28 August 1985. Ta appear.

8. Fresentations Fartially Supported Under the Frezent
Contract.
8.1 "Symboliz Manipuiatiorr and Computatioral Flwuic Dyram:os

Fatrichk J. Roache, Mechanical Engineering Seminhar, Univers: iy
California at Pavis, 2 May 1985.

4 =

Fatrickw J. Roache, Applied Mathematics Seminar, Sancz.= Natzarai
Laboratories Livermore, Livermore, Calitornia, 7 Msv 168G,

e 8.2 "Symbaolic Manipulation and Computationsi Fluig Dynam:ize™.

8.7 "Variational Grid Generation®, tanly Ste:nterg, Appiie:
N Mathemstics Seminar. Sandia National Labo-atories Livermare.
> ~i1vermore, Calitormia, 14 May 1985.

€. 3 "1 New Approach to 6rid Generat:-or Using & MVariat:ioan
Formu:ati1orn", Patrick J. Roache and Stanly 5Steinberqg. AIAK
Computational Fluid Dvynamice Contference, 15-17 culy 1%
cimcinnat:, Ohic.
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(future presentations:

8.5 "The ELF Codecs: Electrode Design t+or Lasers anc Switzhes',
Fevnote Lecture, Fatrichk 3. Roache. Computstiora: Techrnig.es anc
Appl:cations Conference, FRoyal Meibourne Institute of Techno
logv, Meibourne, Australia. 25 28 August 198C.

8.6 "A Too! k1t of Symbolic Manipulation Frograms for \Varia-
’ tional Grid Generation", Invited Faper, Starly Steinberg. AIAN
Aerospace Sciences Meeting, 6-9 Jan. 19836, Reno, Nevada.

9. Design Optimization




In regard tao my future work on design optimszat:on
utiliczing the ELF codes, my visit to AFOSR on 18 July was most
kelpful. The pre-publication paper of Polal’'s provideac by Dr.
Mark Jacobs proved to be just what I need. I have contacted
Folair and he has been receptive to investigating the use of his
algorithms for the electrode design problem. We had scheduled a
visit +{+or me to ERerkeley in August, but I will have to cancel
because of the press of <final report preparation on arother
contract, and my visit to Australia. I may not be able to visit
him unt1i1l October (due to jury duty 1n September) but I ce* -
nitely will pursue this.

10. Compater System Furchase

Vernita Slater of AFOSR <says that I may eu:pect thne
computer money in late August. I very much apgreciate vour vote
of contidence.

I did nct receive the requested funding +rom ARC for the
rest of the system I hac describec 1n my Request tor Acditional
tquipment Furchase of 7 February 1935, The mathematics peopie
at ARG were wiliing. but ARG policy prohibitec 1t for legsi
reasorz. AFRD 1 wililing to cherge the contract +or the
increased operatincg costs 1f Ecodynamics would purchase the rest
o th= system, but this will cause grest accounting
cifficulties, ard we would likely run atocul of DLAA suditinc
regu.at:ons.

Further, the ccs* of the MicroVa: II 1s not as attract:ve
az 1 har teer led to believe. The hardware costs are close tc
the estimates 1 hao been given, but the software costs ar=
cuitiandisnh. DEC wantse $£7H (after discount) for the M3
nperatirg system and documentation, anc arnother 7k for UNIX.

By contrast, the SUN microsystem (which Frcf. S5te=
15 now getting up at the university) is lower 1in cost «
harcware. and incluges UNIX (Berikeley 4.2). Fortran 77, F
"€y ard Core Graphics Software for no extra cost.
discounted price for the SUN 1s only slichtly over the
requested +From AF05R, and Ecodynamics can make uzn
d.fference. The present SUN based on the virtuai memo-y 1!
bit MC 6B01C is faster than the MicroVax iy and the upgrade
the full 32 b:t ML 68020 (available in November! is eupecte:
bz somewhat faster thar the MicroVeax I1. Ehve systers
Eringing out the:r Warrior array processor, a 15 Meget_oo  deyv:
for #12¥, ancluding a 1024 FFT; their two primary tar-get
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computers are the Microvax: I1 and the SUN. (I would seel
additional funding, probably ‘ram AF WL, for the array
processor.) I have also investigated (with corsult:ng from

Professional Computer Corsultants of Albuguerque! two alterrna-
tive systems, tne ATLT UNIX 7200 anc the 1BM AT with the DSI-3C
co-processor. Although both are cheaper than the SUN, the Suin
appears to be preferable,

The only advantage le<t to the VAX 1s compatihilaity to
the VYAY world, which mav not be worth the price. Also, the SUN




compatibility with Steinberg’'s system would be ar advartage.
Note also that Prof. Folak at Berkeley has a SUN, Los ARlawncs
tabs have adopted SUN as their standard workstation, anc Dr. N.
L. Rappagnani at AFWL uses a MC 68000 machine with Berieley 4.7
UNIX far his grid generatiaon work.

I+ Steinberg’'s experience is positive, I will probably te
requesting a change i1n my previous Request For Additional Ecuip-
ment Furchase from the MicroVax 11 to the SUN System 2/130.

Thant you both for your continuec support.

Respectfu.ly,

el T ot

Dr. Fatrichk J. Reoache
Fresident and Frincipal Investigator

--------
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